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(54) DEVICE AND METHOD FOR MONITORING OPTICAL PERFORMANCE PARAMETER, AND

OPTICAL TRANSMISSION SYSTEM

(57) The present invention discloses an apparatus
and a method for monitoring an optical performance pa-
rameter, and an optical transmission system. The appa-
ratus includes: a coherent receiving unit, configured to
perform coherent synthesis on a received to-be-detected
optical signal and a multi-wavelength local oscillation la-
serbeam, and convert a coherentreceiving signal formed
by means of the coherent synthesis into an analog elec-
trical signal; a data acquiring unit, configured to acquire
the analog electrical signal output by the coherent receiv-
ing unit, and convert the analog electrical signal into a
digital signal; a power spectrum generation unit, config-
ured to process the digital signal output by the data ac-

quiring unit, to generate a continuous full power spectrum
of the to-be-detected optical signal; and an optical per-
formance parameter monitoring unit, configured to mon-
itor, according to the continuous full power spectrum gen-
erated by the power spectrum generation unit, an optical
performance parameter of a transmission link carrying
the to-be-detected optical signal. According to the appa-
ratus and the method for monitoring an optical perform-
ance parameter, and the optical transmission system in
embodiments of the present invention, an optical per-
formance parameter can be monitored with high preci-
sion.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to the field of op-
tical networks, and in particular, to an apparatus and a
method for monitoring an optical performance parame-
ter, and an optical transmission system in the field of
optical networks.

BACKGROUND

[0002] Driven by application services that are based
on multimedia network technologies, with requirements
of people on bandwidth, a transmission capacity of a
communications network increases dramatically. Be-
cause a conventional electrical network cannot provide
a low-cost solution for a high-capacity communications
network, a bottleneck of network bandwidth is shifted
from an optical layer of a network to a network layer.
Therefore, a dynamic, transparent, and reconfigurable
optical network attracts more attention of people and de-
velops rapidly.

[0003] The optical network is developed not only in
terms of continuous improvement of a transmission rate,
intelligence of the optical network is also continuously
improved. Intelligent management requires that a state
and a signal of a network need to be monitored in real
time, thereby performing dynamic control. Therefore, it
is quite necessary to determine a parameter and a state
of health of a network physical layerin an optical domain.
Optical performance monitor (Optical Performance Mon-
itor, "OPM" for short), as a function module for monitoring
indicators such as optical power of a channel, a center
wavelength, and an optical signal-to-noise ratio (Optical
Signal Noise Ratio, "OSNR" for short) online (in the op-
tical domain), has attracted attention of people. The op-
tical performance monitor can provide reliable, accurate,
and real-time information for the optical network, and has
become an important link of optical network manage-
ment.

[0004] Currently, an OPM module monitors an optical
performance parameter mainly based on an optical spec-
trum analysis technology, that is, the OPM module gen-
erally uses a tunable filter and a homodyne detection
technology to extract an optical spectrum characteristic
to monitor multiple parameters. The tunable filter needs
to filter out each single-wavelength optical signal, and
monitors each single-wavelength optical signal, so as to
estimate the optical performance parameter.

[0005] However, because the filter used by the OPM
module causes severe damage to a signal, precision of
detecting the optical performance parameter by the OPM
module is relatively low.

SUMMARY

[0006] Embodiments of the present invention provide
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an apparatus and a method for monitoring an optical per-
formance parameter, and an optical transmission sys-
tem, which can monitor an optical performance param-
eter with high precision.

[0007] According to a first aspect, an apparatus for
monitoring an optical performance parameter is provid-
ed, where the apparatus includes: a coherent receiving
unit, configured to perform coherent synthesis on a re-
ceived to-be-detected optical signal and a multi-wave-
length local oscillation laser beam, and convert a coher-
ent receiving signal formed by means of the coherent
synthesis into an analog electrical signal; a data acquiring
unit, configured to acquire the analog electrical signal
output by the coherent receiving unit, and convert the
analog electrical signal into a digital signal; a power spec-
trum generation unit, configured to process the digital
signal output by the data acquiring unit, to generate a
continuous full power spectrum of the to-be-detected op-
tical signal; and an optical performance parameter mon-
itoring unit, configured to monitor, according to the con-
tinuous full power spectrum generated by the power
spectrum generation unit, an optical performance param-
eter of a transmission link carrying the to-be-detected
optical signal.

[0008] With reference to the first aspect, in a first pos-
sible implementation manner of the first aspect, the co-
herent receiving unit includes: a multi-wavelength local
oscillation laser, configured to output the multi-wave-
length local oscillation laser beam; a first optical synthe-
sizer, configured to perform coherent synthesis on a first
to-be-detected optical signal that has a first polarization
state and that is in the to-be-detected optical signal and
afirst local oscillation laser beam that has the first polar-
ization state and that is in the multi-wavelength local os-
cillation laser beam; and a first optoelectronic detector,
configured to receive the coherent receiving signal gen-
erated after the first optical synthesizer performs the co-
herent synthesis, and convert the coherent receiving sig-
nal into the analog electrical signal.

[0009] With reference to the first possible implemen-
tation manner of the first aspect, in a second possible
implementation manner of the first aspect, the coherent
receiving unit further includes: a polarization controller,
configured to adjust a polarization state of the received
to-be-detected optical signal; a first polarization beam
splitter, configured to divide, into the first to-be-detected
optical signal and a second to-be-detected optical signal
whose polarization states are perpendicular to each oth-
er, the to-be-detected optical signal output by the polar-
ization controller, where the first to-be-detected optical
signalisinputto thefirstoptical synthesizer; and a second
polarization beam splitter, configured to divide, into the
first local oscillation laser beam and a second local os-
cillation laser beam whose polarization states are per-
pendicular to each other, the multi-wavelength local os-
cillation laser beam thatis output by the multi-wavelength
local oscillation laser, where the first local oscillation laser
beam is input to the first optical synthesizer.
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[0010] With reference to the second possible imple-
mentation manner of the first aspect, in a third possible
implementation manner of the first aspect, the coherent
receiving unit further includes: a second optical synthe-
sizer, configured to receive the second to-be-detected
optical signal that has a second polarization state and
the second local oscillation laser beam that has the sec-
ond polarization state, and perform coherent synthesis
on the second to-be-detected optical signal and the sec-
ond local oscillation laser beam, where the second po-
larization state is perpendicular to the first polarization
state; and a second optoelectronic detector, configured
to receive the coherent receiving signal generated after
the second optical synthesizer performs the coherent
synthesis, and convert the coherent receiving signal into
the analog electrical signal.

[0011] Withreference to the firstaspect or any possible
implementation manner of the first to third possible im-
plementation manners of the first aspect, in a fourth pos-
sible implementation manner of the first aspect, the pow-
er spectrum generation unitincludes: a Fourier transform
module, configured to perform Fourier transformation on
the digital signal output by the data acquiring unit, to gen-
erate continuous power spectra, in multiple different fre-
quency bands corresponding to the multi-wavelength lo-
cal oscillation laser beam, of the to-be-detected optical
signal; a spectrum splicing module, configured to gener-
ate a discrete full power spectrum of the to-be-detected
optical signal according to the continuous power spectra
in the multiple different frequency bands; and a spectrum
generation module, configured to generate the continu-
ous full power spectrum of the to-be-detected optical sig-
nal according to the discrete full power spectrum of the
to-be-detected optical signal by using an interpolation
algorithm.

[0012] With reference to the fourth possible implemen-
tation manner of the first aspect, in a fifth possible imple-
mentation manner of the first aspect, the Fourier trans-
form module is specifically configured to: perform aver-
aging processing on multiple digital signals that are out-
put by the data acquiring unit and that are in a same
frequency band; and perform Fourier transformation on
the digital signals on which the averaging processing has
been performed, to generate a continuous power spec-
trum, in the same frequency band corresponding to the
multi-wavelength local oscillation laser beam, of the to-
be-detected optical signal.

[0013] With reference to any possible implementation
manner of the first to fifth possible implementation man-
ners of the first aspect, in a sixth possible implementation
manner of the first aspect, the multi-wavelength local os-
cillation laser is a tunable laser, and a wavelength of a
laser beam that is output by the tunable laser includes a
wavelength of the to-be-detected optical signal.

[0014] With reference to any possible implementation
manner of the first to fifth possible implementation man-
ners of the first aspect, in a seventh possible implemen-
tation manner of the first aspect, the multi-wavelength
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local oscillation laser is an optical frequency comb; and
the coherent receiving unit further includes: a band-pass
filter BPF, configured to perform filtering on the muilti-
wavelength local oscillation laser beam that is output by
the optical frequency comb, where a frequency of the to-
be-detected optical signal is within a range of cut-off fre-
quencies of the band-pass filter.

[0015] With reference to any possible implementation
manner of the third to seventh possible implementation
manners of the first aspect, in an eighth possible imple-
mentation manner of the first aspect, the first optical syn-
thesizer or the second optical synthesizer is an optical
hybrid, and a bandwidth of the first optoelectronic detec-
tor or the second optoelectronic detector is within arange
of 500 MHz to 2 GHz.

[0016] With reference to any possible implementation
manner of the third to seventh possible implementation
manners of the first aspect, in a ninth possible implemen-
tation manner of the first aspect, the first optical synthe-
sizer or the second optical synthesizer is an optical cou-
pler.

[0017] Withreferenceto thefirstaspectorany possible
implementation manner of the first to ninth possible im-
plementation manners of the first aspect, in a tenth pos-
sible implementation manner of the first aspect, the op-
tical performance parameter monitored by the optical
performance parameter monitoring unit includes at least
one parameter of the following parameters: an optical
signal-to-noise ratio OSNR, optical power, a modulation
format, a channel wavelength shift, amplified spontane-
ous emission ASE noise, an amplifier gain, and a gain tilt.
[0018] According to a second aspect, a method for
monitoring an optical performance parameter is provid-
ed, where the method includes: performing coherent syn-
thesis on a received to-be-detected optical signal and a
multi-wavelength local oscillation laser beam; converting
a coherent receiving signal formed by means of the co-
herent synthesis into an analog electrical signal; acquir-
ing the analog electrical signal, and converting the analog
electrical signal into a digital signal; processing the digital
signal, to generate a continuous full power spectrum of
the to-be-detected optical signal; and monitoring, accord-
ing to the continuous full power spectrum, an optical per-
formance parameter of a transmission link carrying the
to-be-detected optical signal.

[0019] With reference to the second aspect, in a first
possible implementation manner of the second aspect,
the performing coherent synthesis on a received to-be-
detected optical signal and a multi-wavelength local os-
cillation laser beam includes: performing coherent syn-
thesis on a first to-be-detected optical signal that has a
first polarization state and that is in the to-be-detected
optical signal and a first local oscillation laser beam that
has the first polarization state and that is in the multi-
wavelength local oscillation laser beam.

[0020] With reference to the first possible implemen-
tation manner of the second aspect, in a second possible
implementation manner of the second aspect, before the
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performing coherent synthesis on a received to-be-de-
tected optical signal and a multi-wavelength local oscil-
lation laser beam, the method further includes: adjusting
a polarization state of the received to-be-detected optical
signal; dividing, into the first to-be-detected optical signal
and a second to-be-detected optical signal whose polar-
ization states are perpendicular to each other, the to-be-
detected optical signal whose polarization state is adjust-
ed; and dividing the multi-wavelength local oscillation la-
ser beam into the first local oscillation laser beam and a
second local oscillation laser beam whose polarization
states are perpendicular to each other, where the per-
forming coherent synthesis on a received to-be-detected
optical signal and a multi-wavelength local oscillation la-
ser beam includes: performing coherent synthesis on the
first to-be-detected optical signal and the first local oscil-
lation laser beam.

[0021] With reference to the second possible imple-
mentation manner of the second aspect, in a third pos-
sible implementation manner of the second aspect, the
performing coherent synthesis on a received to-be-de-
tected optical signal and a multi-wavelength local oscil-
lation laser beam includes: performing coherent synthe-
sis on the first to-be-detected optical signal and the first
local oscillation laser beam; and performing coherent
synthesis on the second to-be-detected optical signal
that has a second polarization state and the second local
oscillation laser beam that has the second polarization
state, where the second polarization state is perpendic-
ular to the first polarization state.

[0022] Withreference to the second aspect or any pos-
sible implementation manner of the first to third possible
implementation manners of the second aspect, inafourth
possible implementation manner of the second aspect,
the processing the digital signal, to generate a continuous
full power spectrum of the to-be-detected optical signal
includes: performing Fourier transformation on the digital
signal, to generate continuous power spectra, in multiple
different frequency bands corresponding to the multi-
wavelength local oscillation laser beam, of the to-be-de-
tected optical signal; generating a discrete full power
spectrum of the to-be-detected optical signal according
to the continuous power spectra in the multiple different
frequency bands; and generating the continuous full pow-
er spectrum of the to-be-detected optical signal accord-
ing to the discrete full power spectrum of the to-be-de-
tected optical signal by using an interpolation algorithm.
[0023] Accordingto athird aspect, an optical transmis-
sion system is provided, where the optical transmission
system includes: a fiber link, configured to transmit an
optical signal; an optical splitter, disposed in the fiber link,
and configured to divide the optical signal into a first op-
tical signal and a second optical signal, where a strength
of the first optical signal is greater than a strength of the
second optical signal; and the apparatus for monitoring
an optical performance parameter according to the em-
bodiments of the present invention, configured to receive
the second optical signal output by the optical splitter,
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and monitor an optical performance parameter of the sec-
ond optical signal, where

the apparatus includes: a coherent receiving unit, con-
figured to perform coherent synthesis on a received to-
be-detected optical signal and a multi-wavelength local
oscillation laser beam, and convert a coherent receiving
signal formed by means of the coherent synthesis into
an analog electrical signal; a data acquiring unit, config-
ured to acquire the analog electrical signal output by the
coherent receiving unit, and convert the analog electrical
signal into a digital signal; a power spectrum generation
unit, configured to process the digital signal output by the
data acquiring unit, to generate a continuous full power
spectrum of the to-be-detected optical signal; and an op-
tical performance parameter monitoring unit, configured
to monitor, according to the continuous full power spec-
trum generated by the power spectrum generation unit,
an optical performance parameter of a transmission link
carrying the to-be-detected optical signal.

[0024] Based on the foregoing technical solutions, ac-
cording to the apparatus and the method for monitoring
an optical performance parameter, and the optical trans-
mission system in the embodiments of the presentinven-
tion, coherent synthesis is performed on a received to-
be-detected optical signal and a multi-wavelength local
oscillation laser beam, and corresponding signal
processing is performed to generate a continuous full
power spectrum of the to-be-detected optical signal, so
that an optical performance parameter of a transmission
link carrying the to-be-detected optical signal can be
monitored according to the continuous full power spec-
trum, which can prevent damage to a signal caused when
afilteris used, thereby monitoring an optical performance
parameter with high precision.

BRIEF DESCRIPTION OF DRAWINGS

[0025] To describe the technical solutions in the em-
bodiments of the present invention more clearly, the fol-
lowing briefly describes the accompanying drawings re-
quired for describing the embodiments of the present in-
vention. Apparently, the accompanying drawings in the
following description show merely some embodiments
of the present invention, and a person of ordinary skill in
the art may still derive other drawings from these accom-
panying drawings without creative efforts.

FIG. 1is a schematic block diagram of an application
scenario according to an embodiment of the present
invention;

FIG. 2 is a schematic block diagram of an apparatus
for monitoring an optical performance parameter ac-
cording to an embodiment of the present invention;
FIG. 3 is a schematic block diagram of a coherent
receiving unit according to an embodiment of the
present invention;

FIG. 4 is another schematic block diagram of a co-
herent receiving unit according to an embodiment of
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the present invention;

FIG. 5 is still another schematic block diagram of a
coherent receiving unit according to an embodiment
of the present invention;

FIG. 6 is a schematic block diagram of a power spec-
trum generation unit according to an embodiment of
the present invention;

FIG. 7 is a schematic flowchart of a method for mon-
itoring an optical performance parameter according
to an embodiment of the present invention;

FIG. 8 is another schematic flowchart of a method
for monitoring an optical performance parameter ac-
cording to an embodiment of the present invention;
FIG. 9is stillanother schematic flowchart of a method
for monitoring an optical performance parameter ac-
cording to an embodiment of the present invention;
and

FIG. 10 is a schematic block diagram of an optical
transmission system according to an embodiment of
the present invention.

DESCRIPTION OF EMBODIMENTS

[0026] The following clearly and completely describes
the technical solutions in the embodiments of the present
invention with reference to the accompanying drawings
in the embodiments of the presentinvention. Apparently,
the described embodiments are a part rather than all of
the embodiments of the present invention. All other em-
bodiments obtained by a person of ordinary skill in the
art based on the embodiments of the present invention
without creative efforts shall fall within the protection
scope of the present invention.

[0027] It should be understood that, the technical so-
lutions of the embodiments of the present invention may
be applied to various optical networks, and especially to
a passive optical network (Passive Optical Network,
"PON" for short), for example, a gigabit-capable passive
optical network (Gigabit-capable Passive Optical Net-
works, "GPON" for short) system, a 10 Gbit/s Ethernet
passive optical network (10G bit/S Ethernet Passive Op-
tical Network, "10G EPON" for short), and a 10-Gigabit-
capable passive optical network (10-Gigabit-capable
Passive Optical Network, "XG PON" for short). In addi-
tion, for ease of description, a PON system is used as
an example for description below, but the presentinven-
tion is not limited thereto.

[0028] FIG. 1 shows a schematic block diagram of an
application scenario according to an embodiment of the
presentinvention. As shown in FIG. 1, in an optical trans-
mission system, for example, in a PON system, the PON
system may include a fiber link 10 configured to transmit
an optical signal, and an optical splitter 20 disposed in
the fiber link 10, where the optical splitter 20 may divide
an optical signal transmitted in the fiber link 10 into two
optical signals, where one of the optical signals may con-
tinue to be transmitted in the fiber link 10, and the other
optical signal may be input to an apparatus 30 for mon-
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itoring an optical performance parameter, so as to mon-
itor an optical performance parameter of a transmission
link carrying the optical signal, where the apparatus 30
is, forexample, an OPM module or an apparatus for mon-
itoring an optical performance parameter according to an
embodiment of the present invention.

[0029] It should be understood that, the optical signal
transmitted by the fiber link may not only be used to carry
datathatis transmitted in the PON system from an optical
line terminal (Optical Line Terminal, "OLT" for short) to
one or more optical network terminals (Optical Network
Terminal, "ONT" for short)/optical network units (Optical
Network Unit, "ONU" for short), but also may be used to
carry data transmitted from the ONT/ONU to the OLT,
and may be further used to carry data in another optical
network system or optical transmission system; and the
prevent invention is not limited thereto.

[0030] FIG. 2 shows a schematic block diagram of an
apparatus 100 for monitoring an optical performance pa-
rameter according to an embodiment of the present in-
vention. As shown in FIG. 2, the apparatus 100 includes:

a coherent receiving unit 110, configured to perform
coherent synthesis on a received to-be-detected op-
tical signal and a multi-wavelength local oscillation
laser beam, and convert a coherent receiving signal
formed by means of the coherent synthesis into an
analog electrical signal;

a data acquiring unit 120, configured to acquire the
analog electrical signal output by the coherent re-
ceiving unit 110, and convert the analog electrical
signal into a digital signal;

a power spectrum generation unit 130, configured
to process the digital signal output by the data ac-
quiring unit 120, to generate a continuous full power
spectrum of the to-be-detected optical signal; and
an optical performance parameter monitoring unit
140, configured to monitor, according to the contin-
uous full power spectrum generated by the power
spectrum generation unit 130, an optical perform-
ance parameter of a transmission link carrying the
to-be-detected optical signal.

[0031] Specifically, as shown in FIG. 2, to monitor the
optical performance parameter with high precision, the
apparatus 100 for monitoring an optical performance pa-
rameter according to this embodiment of the present in-
vention may include the coherent receiving unit 110, the
data acquiring unit 120, the power spectrum generation
unit 130, and the optical performance parameter moni-
toring unit 140. The coherent receiving unit 110 may per-
form coherent synthesis on a to-be-detected optical sig-
nal and a multi-wavelength local oscillation laser beam
based on a coherent optical communication principle. Be-
cause a phase characteristic of an optical signal is further
considered, coherent synthesis can significantly improve
an anti-interference capability of the optical signal, so
that the apparatus can improve precision of monitoring
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an optical performance parameter. The optical signal on
which coherent synthesis is performed, for example, may
be received by an optoelectronic detector, so as to con-
vert the optical signal into an analog electrical signal. The
analog electrical signal, for example, may be acquired
by the data acquiring unit 120 including an analog to dig-
ital converter (Analog-Digital Converter, "ADC" for short),
and the analog electrical signal is converted into a digital
signal. The power spectrum generation unit 130 may
process the digital signal, to generate a continuous full
power spectrum of the to-be-detected optical signal, so
that the optical performance parameter monitoring unit
140 can monitor, according to the continuous full power
spectrum, an optical performance parameter of a trans-
mission link carrying the to-be-detected optical signal.
[0032] Specifically, in this embodiment of the present
invention, on one hand, coherent synthesis is directly per-
formed on a received to-be-detected optical signal and
a multi-wavelength local oscillation laser beam, so as to
monitor an optical signal, in the to-be-detected optical
signal, whose wavelength is the same as a wavelength
of the local oscillation laser beam, so that there is no
need to use a filter to acquire a to-be-detected optical
signal that has a particular wavelength and there is no
need to monitor the to-be-detected optical signal, which
can prevent damage to a signal caused when a filter is
used, and improve precision of monitoring an optical per-
formance parameter by the apparatus; onthe other hand,
in the present invention, an optical signal is processed
by using a coherent synthesis technology, which can sig-
nificantly improve an anti-interference capability of the
optical signal, thereby furtherimproving precision of mon-
itoring an optical performance parameter by the appara-
tus.

[0033] Therefore, the apparatus for monitoring an op-
tical performance parameter in this embodiment of the
present invention performs coherent synthesis on a re-
ceived to-be-detected optical signal and a multi-wave-
length local oscillation laser beam, and performs corre-
sponding signal processing to generate a continuous full
power spectrum of the to-be-detected optical signal, so
that an optical performance parameter of a transmission
link carrying the to-be-detected optical signal can be
monitored according to the continuous full power spec-
trum, which can preventdamage to a signal caused when
afilteris used, thereby monitoring an optical performance
parameter with high precision.

[0034] The following separately describes the coher-
ent receiving unit 110, the data acquiring unit 120, the
power spectrum generation unit 130, and the optical per-
formance parameter monitoring unit 140 that are includ-
ed in the apparatus 100 according to this embodiment of
the present invention with reference to FIG. 3 to FIG. 6.
[0035] In this embodiment of the present invention, as
shownin FIG. 3, the coherentreceiving unit 110 includes:

a multi-wavelength local oscillation laser 111, con-
figured to output the multi-wavelength local oscilla-
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tion laser beam;

a first optical synthesizer 112, configured to perform
coherent synthesis on a first to-be-detected optical
signal that has a first polarization state and that is in
the to-be-detected optical signal and a first local os-
cillation laser beam that has the first polarization
state and that is in the multi-wavelength local oscil-
lation laser beam; and

a first optoelectronic detector 113, configured to re-
ceive the coherent receiving signal generated after
the first optical synthesizer 112 performs the coher-
ent synthesis, and convert the coherent receiving
signal into the analog electrical signal.

[0036] Inthis embodiment of the presentinvention, the
multi-wavelength local oscillation laser 111 may output
the multi-wavelength local oscillation laser beam, where
a frequency band that the multi-wavelength local oscil-
lation laser beam has includes frequencies that a part or
all of an optical signal in the to-be-detected optical signal
has, or a wavelength of the multi-wavelength local oscil-
lation laser beam includes wavelengths of a part or all of
an optical signal in the to-be-detected optical signal, so
that coherent synthesis can be performed on the multi-
wavelength local oscillation laser beam and the part or
all of the optical signal. Therefore, continuous power
spectra, in multiple different frequency bands corre-
sponding to the multi-wavelength local oscillation laser
beam, of the to-be-detected optical signal can be ob-
tained, so as to further obtain a continuous full power
spectrum of the to-be-detected optical signal.

[0037] A wavelength range of the to-be-detected opti-
cal signal may be a wavelength range in a DWDM sys-
tem, for example, the wavelength range may be from
1528.77 nm to 1560.61 nm. However, it should be un-
derstood that, in this embodiment of the present inven-
tion, the example is merely used for description, but the
present invention is not limited thereto, for example, the
wavelength range of the to-be-detected optical signal
may also be another value.

[0038] Inthis embodiment of the presentinvention, op-
tionally, the multi-wavelength local oscillation laser 111
is atunable laser, and a wavelength of a laser beam that
is output by the tunable laser includes a wavelength of
the to-be-detected optical signal. That is, a frequency
band of a laser beam that can be output by the tunable
laser may include a frequency that the to-be-detected
optical signal has.

[0039] For example, a frequency tunable range of the
tunable laser may include an entire communication band,
that is, includes a C band and an L band. Therefore, a
particular wavelength in the to-be-detected optical signal
can be selectively monitored by changing a wavelength
of a laser beam that is output by the tunable laser, so
that there is no need to use a filter to acquire a to-be-
detected optical signal that has a particular wavelength
and there is no need to monitor the to-be-detected optical
signal, which can prevent damage to a signal caused



11 EP 3 113 390 A1 12

when afilter is used, thereby improving precision of mon-
itoring an optical performance parameter by the appara-
tus.

[0040] In addition, when the frequency tunable range
of the tunable laser is determined, a frequency band in-
terval between the multiple different frequency bands
corresponding to the multi-wavelength local oscillation
laser beam may be adjusted by determining a frequency
tuning step length of the tunable laser, so that precision,
accuracy, and a monitoring time of a finally acquired con-
tinuous full power spectrum of the to-be-detected optical
signal can be changed.

[0041] Therefore, according to the apparatus for mon-
itoring an optical performance parameter in this embod-
iment of the present invention, when the multi-wave-
length local oscillation laser beam is output by using the
tunable laser, not only damage to a signal caused when
a filter is used can be prevented, but also frequency tun-
ing precision of the tunable laser can be changed as re-
quired, so that precision, accuracy, and a monitoring time
of a finally acquired continuous full power spectrum of
the to-be-detected optical signal can be changed. There-
fore, performance of monitoring an optical performance
parameter by the apparatus according to this embodi-
ment of the present invention is controllable.

[0042] Itshould be understood that, in thisembodiment
of the present invention, to reduce costs of the apparatus
and reduce a time that the tunable laser spends in tuning
a frequency each time, the frequency tuning step length
of the tunable laser may be increased, but an increase
in the frequency tuning step length causes a restored
power spectrum to be indistinct and rough. Therefore, an
optimization algorithm needs to be used to perform op-
timization. The optimization algorithm is, for example, the
Wiener deconvolution algorithm. In this algorithm, optical
devices need to be considered as a whole, to estimate
a response curve of the apparatus, thereby obtaining an
entire response curve of the optical devices, so as to
perform optimization. After optimization processing is
performed by using the Wiener deconvolution algorithm,
a high-precision and high-accuracy continuous full power
spectrum can be obtained, so that an optical performance
parameter can be monitored with high precision, a mon-
itoring time can be shortened, and costs of the apparatus
are reduced.

[0043] Inthis embodimentof the presentinvention, op-
tionally, the multi-wavelength local oscillation laser 111
is an optical frequency comb; and the coherent receiving
unit 110 further includes: a band-pass filter BPF, config-
ured to perform filtering on the multi-wavelength local
oscillation laser beam that is output by the optical fre-
quency comb, where a frequency of the to-be-detected
optical signal is within a range of cut-off frequencies of
the band-pass filter.

[0044] That is, the band-pass filter may be configured
to select a multi-wavelength local oscillation laser beam
that is output by the optical frequency comb, so that a
multi-wavelength local oscillation laser beam within a
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range including a to-be-detected frequency band can be
output, where the to-be-detected frequency band in-
cludes a frequency of the to-be-detected optical signal,
so that coherent synthesis can be performed on the multi-
wavelength local oscillation laser beam and the to-be-
detected optical signal, where the cut-off frequencies of
the band-pass filter may be set according to a frequency
band of the to-be-detected optical signal.

[0045] Inthis embodiment of the presentinvention, the
optical frequency comb is used as the multi-wavelength
local oscillation laser, and by using a characteristic that
an optical frequency comb device can simultaneously
generate multiple optical sources, coherent synthesis on
signals of multiple frequencies can be implemented si-
multaneously, which canincrease adegree of parallelism
of the coherent synthesis, and can shorten a time for
monitoring an optical performance parameter. In addi-
tion, the multi-wavelength local oscillation laser beam
that is output by the optical frequency comb has stable
performance, which can further improve precision and
accuracy of monitoring an optical performance parame-
ter.

[0046] It should be understood that, when the optical
frequency comb is used as the multi-wavelength local
oscillation laser, multiple optoelectronic detectors may
be used to receive the optical signal on which coherent
synthesis is performed, multiple data acquiring units may
be used, and the like, so as to rapidly generate the con-
tinuous full power spectrum of the to-be-detected optical
signal, so that a time for monitoring an optical perform-
ance parameter can be shortened.

[0047] Itshould be understood that, inthis embodiment
of the present invention, the multi-wavelength local os-
cillation laser may not only include a laser that simulta-
neously outputs a laser beam having multiple center
wavelengths, for example, an optical frequency comb.
The multi-wavelength local oscillation laser may also in-
clude a laser that outputs a laser beam having multiple
center wavelengths in a time division manner, for exam-
ple, a tunable laser. In this embodiment of the present
invention, the optical frequency comb and the tunable
laser are merely used as an example for description, but
the present invention is not limited thereto.

[0048] It should be further understood that, in this em-
bodiment of the present invention, the multi-wavelength
local oscillation laser beam may indicate a laser beam
that is output simultaneously or in a time division manner
and that has multiple different center wavelengths, where
each center wavelength may correspond to one frequen-
cy band, that is, the multi-wavelength local oscillation la-
ser beam may correspond to multiple different frequency
bands.

[0049] It should be further understood that, in this em-
bodiment of the present invention, the performing coher-
ent synthesis on a to-be-detected optical signal and a
multi-wavelength local oscillation laser beam may not on-
ly include simultaneously performing coherent synthesis
on the to-be-detected optical signal and a laser beam
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having multiple different center wavelengths, but also
may include performing, in a time division manner, co-
herent synthesis on the to-be-detected optical signal and
a laser beam having multiple different center wave-
lengths. Therefore, the continuous power spectra, in the
multiple different frequency bands corresponding to the
multi-wavelength local oscillation laser beam, of the to-
be-detected optical signal can be obtained. In this em-
bodiment of the presentinvention, this example is merely
used for description, but the present invention is not lim-
ited thereto.

[0050] Inthis embodiment of the presentinvention, op-
tionally, the first optical synthesizer 112 is an optical cou-
pler or an optical hybrid. Preferably, when the first optical
synthesizer 112 is an optical hybrid, a bandwidth of the
first optoelectronic detector 113 is within a range of 500
MHz to 2 GHz.

[0051] Specifically, the optical hybrid is, for example,
a 90° optical hybrid, and the optical coupler is, for exam-
ple, a 180° optical coupler. In addition, compared with
the optical hybrid (Hybrid), the optical coupler is lower in
costs, and moreover, replacing the optical hybrid with the
optical coupler can not only ensure that an optical per-
formance parameter is monitored with high precision, but
also can reduce a quantity of optoelectronic detectors on
an output end, thereby further reducing costs of the ap-
paratus for monitoring an optical performance parame-
ter.

[0052] In this embodiment of the present invention,
when the multi-wavelength local oscillation laser beam
that is output by the multi-wavelength local oscillation
laser 111 or the received to-be-detected optical signal is
anon-single polarization laser beam, a polarization state
of the optical signal may be adjusted by using a polari-
zation controller, and single-polarization light may be di-
vided in space by using a polarization beam splitter.
[0053] Specifically, in this embodiment of the present
invention, optionally, as shown in FIG. 4, the coherent
receiving unit 110 further includes:

a polarization controller 114, configured to adjust a
polarization state of the received to-be-detected op-
tical signal;

a first polarization beam splitter 115, configured to
divide, into the first to-be-detected optical signal and
a second to-be-detected optical signal whose polar-
ization states are perpendicular to each other, the
to-be-detected optical signal output by the polariza-
tion controller 114, where the first to-be-detected op-
tical signal is input to the first optical synthesizer 112;
and

a second polarization beam splitter 116, configured
to divide, into the first local oscillation laser beam
and a second local oscillation laser beam whose po-
larization states are perpendicular to each other, the
multi-wavelength local oscillation laser beam that is
output by the multi-wavelength local oscillation laser
111, where the first local oscillation laser beam is
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input to the first optical synthesizer 112.

[0054] Itshould be understood that, inthis embodiment
of the present invention, the coherent receiving unit 110
may perform coherent synthesis only on ato-be-detected
optical signal and a local oscillation laser beam that have
a second polarization state perpendicular to the first po-
larization state, and convert the optical signal on which
coherent synthesis is performed into an analog electrical
signal, so that an optical performance parameter can be
monitored precisely, and the apparatus is simple in struc-
ture and low in costs.

[0055] It should be further understood that, in this em-
bodiment of the present invention, to furtherimprove pre-
cision of monitoring an optical performance parameter,
the coherent receiving unit 110 may not only perform
coherent synthesis on the to-be-detected optical signal
and the local oscillation laser beam that have the first
polarization state, but also may perform coherent syn-
thesis on the to-be-detected optical signal and the local
oscillation laser beam that has the second polarization
state perpendicular to the first polarization state.

[0056] Specifically, in this embodiment of the present
invention, as shown in FIG. 5, optionally, the coherent
receiving unit 110 further includes:

a second optical synthesizer 117, configured to re-
ceive the second to-be-detected optical signal that
has a second polarization state and the second local
oscillation laser beam that has the second polariza-
tion state, and perform coherent synthesis on the
second to-be-detected optical signal and the second
local oscillation laser beam, where the second po-
larization state is perpendicular to the first polariza-
tion state; and

a second optoelectronic detector 118, configured to
receive the coherentreceiving signal generated after
the second optical synthesizer 117 performs the co-
herent synthesis, and convert the coherent receiving
signal into the analog electrical signal.

[0057] Specifically, after the polarization state of the
received to-be-detected optical signal is adjusted by the
polarization controller 114, the to-be-detected optical sig-
nal is input to the first polarization beam splitter 115. The
first polarization beam splitter 115 divides the to-be-de-
tected optical signal into the first to-be-detected optical
signal and the second to-be-detected optical signal
whose polarization states are perpendicular to each oth-
er. The first to-be-detected optical signal has the first po-
larization state and is input to the first optical synthesizer
112, and the second to-be-detected optical signal has
the second polarization state and is input to the second
optical synthesizer 117. The multi-wavelength local os-
cillation laser beam thatis output by the multi-wavelength
local oscillation laser 111 is divided by the second polar-
ization beam splitter 116 into the first local oscillation la-
ser beam and the second local oscillation laser beam
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whose polarization states are perpendicular to each oth-
er. The first local oscillation laser beam has the first po-
larization state and is input to the first optical synthesizer
112, and the second local oscillation laser beam has the
second polarization state and is input to the second op-
tical synthesizer 117.

[0058] The first optical synthesizer 112 performs co-
herent synthesis on the first to-be-detected optical signal
and the first local oscillation laser beam that have the
first polarization state, and inputs a coherent receiving
signal obtained after the coherent synthesis to the first
optoelectronic detector 113. The second optical synthe-
sizer 117 performs coherent synthesis on the second to-
be-detected optical signal and the second local oscilla-
tion laser beam that have the second polarization state,
and inputs a coherent receiving signal obtained after the
coherent synthesis to the second optoelectronic detector
118. The first optoelectronic detector 113 and the second
optoelectronic detector 118 respectively convert the co-
herent receiving signals into analog electrical signals.
[0059] In this embodiment of the presentinvention, op-
tionally, the second optical synthesizer 117 is an optical
hybrid or an optical coupler. Preferably, when the second
optical synthesizer 117 is an optical hybrid, a bandwidth
of the second optoelectronic detector 118 is within a
range of 500 MHz to 2 GHz.

[0060] Optionally, abandwidth of the first optoelectron-
ic detector 113 or the second optoelectronic detector 118
is within a range of 500 MHz to 1 GHz or a range of 1
GHz to 2 GHz. For example, the bandwidth of the first
optoelectronic detector 113 or the second optoelectronic
detector 118 is 500 MHz, 800 MHz, or 1 GHz, so as to
reduce a bandwidth requirement of the first optoelectron-
icdetector 113 or the second optoelectronic detector 118,
thereby significantly reducing costs of the apparatus.
[0061] Itshould be understood that, in thisembodiment
of the present invention, the first optoelectronic detector
or the second optoelectronic detector may be a device
that converts the received optical signal into an electrical
signal, for example, the first optoelectronic detector or
the second optoelectronic detector may be a photodiode,
a PIN photodiode, or an avalanche photodiode, but this
embodiment of the present invention is not limited there-
to.

[0062] Inthis embodiment of the presentinvention, the
data acquiring unit 120 includes, for example, an analog
to digital converter ADC, so as to convert the acquired
analog electrical signal into a digital signal, where a band-
width of the ADC may be within a range of 500 MHz to
2 GHz.

[0063] Forexample, in thisembodiment of the present
invention, the tunable laser is configured to output the
multi-wavelength local oscillation laser beam. A tuning
step length of the tunable laser is, for example, 1 GHz;
in this case, the bandwidth of the first optoelectronic de-
tector or the second optoelectronic detector may be 500
MHz, and the bandwidth of the ADC included in the data
acquiring unit 120 may also be 500 MHz. For another
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example, a tuning step length of the tunable laser is 5
GHz; in this case, the bandwidth of the first optoelectronic
detector or the second optoelectronic detector may be 1
GHz, and the bandwidth of the ADC included in the data
acquiring unit 120 may also be 1 GHz. However, it should
be understood that, in this embodiment of the present
invention, these examples are merely used for descrip-
tion, but the present invention is not limited thereto.

[0064] FIG. 6 further shows a schematic block diagram
of a power spectrum generation unit 130 according to an
embodiment of the present invention. As shown in FIG.
6, the power spectrum generation unit 130 includes:

a Fourier transform module 131, configured to per-
form Fourier transformation on the digital signal out-
put by the data acquiring unit, to generate continuous
power spectra, in multiple different frequency bands
corresponding to the multi-wavelength local oscilla-
tion laser beam, of the to-be-detected optical signal;
a spectrum splicing module 132, configured to gen-
erate a discrete full power spectrum of the to-be-
detected optical signal according to the continuous
power spectra in the multiple different frequency
bands; and

a spectrum generation module 133, configured to
generate a continuous power spectrum of the to-be-
detected optical signal according to the discrete full
power spectrum of the to-be-detected optical signal
by using an interpolation algorithm.

[0065] Specifically, the coherent receiving unit 110
may perform coherent synthesis on a local oscillation la-
ser beam that is in one or more particular frequency
bands and the to-be-detected optical signal each time,
and the Fourier transform module 131 performs Fourier
transformation to generate continuous power spectra, in
the one or more particular frequency bands, of the to-be-
detected optical signal. For example, continuous power
spectra, in multiple different frequency bands, of the to-
be-detected optical signal may be obtained by continu-
ously changing output frequency bands of the multi-
wavelength local oscillation laser. Therefore, the spec-
trum splicing module 132 may generate the discrete full
power spectrum of the to-be-detected optical signal ac-
cording to the continuous power spectra in the multiple
different frequency bands, so that the spectrum genera-
tion module 133 may generate the continuous power
spectrum of the to-be-detected optical signal according
to the discrete full power spectrum of the to-be-detected
optical signal by using the interpolation algorithm.

[0066] In this embodiment of the present invention,
when a channel environment is relatively bad, to estimate
a continuous power spectrum of a to-be-detected optical
signal more accurately, averaging processing may be
performed on multiple coherent receiving signals in a
same frequency band, so as to improve precision of de-
termining a continuous power spectrum, in the same fre-
quency band corresponding to the multi-wavelength local
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oscillation laser beam, of the to-be-detected optical sig-
nal, thereby further improving precision of monitoring an
optical performance parameter by the apparatus.
[0067] Specifically, in this embodiment of the present
invention, optionally, the Fourier transform module 131
is specifically configured to:

perform averaging processing on multiple digital sig-
nals that are output by the data acquiring unit and
that are in a same frequency band; and

perform Fourier transformation on the digital signals
on which the averaging processing has been per-
formed, to generate a continuous power spectrum,
in the same frequency band corresponding to the
multi-wavelength local oscillation laser beam, of the
to-be-detected optical signal.

[0068] Itshould be understood that, in this embodiment
of the present invention, the term "full power spectrum”
indicates a power spectrum of the to-be-detected optical
signal in an entire to-be-detected frequency band. The
to-be-detected frequency band indicates a frequency
band corresponding to the to-be-detected optical signal.
Forexample, the "discrete full power spectrum" indicates
a discrete power spectrum of the to-be-detected optical
signal in the entire to-be-detected frequency band, and
the "continuous full power spectrum" indicates a contin-
uous power spectrum of the to-be-detected optical signal
in the entire to-be-detected frequency band. It should be
further understood that, in this embodiment of the present
invention, the term "discrete" is relative to "continuous",
for example, the "discrete full power spectrum" indicates
a power spectrum in a part of a frequency band in the
entire to-be-detected frequency band, and is discontin-
uous in the entire to-be-detected frequency band, that is,
power spectra in some particular frequency bands in the
to-be-detected frequency band are missing.

[0069] Inthis embodiment of the presentinvention, the
optical performance parameter monitoring unit 140 is
configured to monitor, according to the continuous full
power spectrum generated by the power spectrum gen-
eration unit, an optical performance parameter of a trans-
mission link carrying the to-be-detected optical signal.
Specifically, the optical performance parameter moni-
tored by the optical performance parameter monitoring
unit 140 may include at least one parameter of the fol-
lowing parameters: an optical signal-to-noise ratio OS-
NR, optical power, a modulation format, a channel wave-
length shift, amplified spontaneous emission ASE (Am-
plified Spontaneous Emission, "ASE" for short) noise, an
amplifier gain, and a gain tilt.

[0070] Itshould be understood that, in thisembodiment
of the present invention, because a detected coherent
receiving signal includes a power partof a local oscillation
laser beam and a loss caused when an optical signal
passes through the foregoing optical devices, for exam-
ple, after fast Fourier transform (Fast Fourier Transform,
"FFT" for short) is performed on a digital signal output by
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the data acquiring unit, a relatively rough spectrum in a
particular frequency band is obtained. To obtain a high-
precision continuous full power spectrum of the to-be-
detected optical signal, optimization processing, such as
spectrum splicing, power correction, and coefficient com-
pensation, may be further performed on the rough spec-
trum, so as to obtain a high-precision and high-accuracy
continuous full power spectrum, thereby further improv-
ing precision of monitoring an optical performance pa-
rameter.

[0071] It should be further understood that, in this em-
bodiment of the presentinvention, to facilitate better mon-
itoring an optical performance parameter, before enter-
ing an optoelectronic detector, each optical signal may
further enter another optical device, for example, may be
split by an optical splitter, or may be condensed by a
focusing lens, which is not limited in this embodiment of
the present invention. In addition, in this embodiment of
the present invention, it may be further understood that,
units may be separately and independently disposed, or
may be integrally disposed as an optical performance
monitoring OPM module, but this embodiment of the
present invention is not limited thereto.

[0072] Therefore, the apparatus for monitoring an op-
tical performance parameter in this embodiment of the
present invention performs coherent synthesis on a re-
ceived to-be-detected optical signal and a multi-wave-
length local oscillation laser beam, and performs corre-
sponding signal processing to generate a continuous full
power spectrum of the to-be-detected optical signal, so
that an optical performance parameter of a transmission
link carrying the to-be-detected optical signal can be
monitored according to the continuous full power spec-
trum, which can prevent damage to a signal caused when
afilteris used, thereby monitoring an optical performance
parameter with high precision.

[0073] In addition, the apparatus for monitoring an op-
tical performance parameter in this embodiment of the
present invention can perform high-precision, real-time,
and online multi-parameter monitoring for different trans-
mission channels, can monitor multiple parameters in an
entire band of optical communication, can also perform
multi-parameter monitoring mainly for a transmission
link, and can reflect a parameter of network performance
by means of online monitoring, so as to facilitate moni-
toring and management of an optical network. In addition,
the apparatus according to this embodiment of the
present invention further has advantages such as low,
controllable performance of monitoring an optical per-
formance parameter, and short time for monitoring an
optical performance parameter.

[0074] The units for monitoring an optical performance
parameter according to this embodiment of the present
invention are described in detail above with reference to
FIG. 1 to FIG. 6. A method for monitoring an optical per-
formance parameter, and an optical transmission system
according to embodiments of the present invention are
described in detail below with reference to FIG. 7 to FIG.



19 EP 3 113 390 A1 20

10.

[0075] FIG.7 shows a schematic flowchart of a method
300 for monitoring an optical performance parameter ac-
cording to an embodiment of the present invention. The
method 300 may be performed by the apparatus 100 for
monitoring an optical performance parameter according
to the embodiments of the presentinvention, forexample,
the method 300 may be performed by an OPM module.
As shown in FIG. 7, the method 300 includes:

S310: Perform coherent synthesis on a received to-
be-detected optical signal and a multi-wavelength
local oscillation laser beam.

S320: Convert a coherent receiving signal formed
by means of the coherent synthesis into an analog
electrical signal.

S330: Acquire the analog electrical signal, and con-
vert the analog electrical signal into a digital signal.
S340: Process the digital signal, to generate a con-
tinuous full power spectrum of the to-be-detected op-
tical signal.

S350: Monitor, according to the continuous full pow-
er spectrum, an optical performance parameter of a
transmission link carrying the to-be-detected optical
signal.

[0076] Therefore, according to the method for monitor-
ing an optical performance parameterin this embodiment
ofthe present invention, coherent synthesis is performed
on a received to-be-detected optical signal and a multi-
wavelength local oscillation laser beam, and correspond-
ing signal processing is performed to generate a contin-
uous full power spectrum of the to-be-detected optical
signal, so that an optical performance parameter of a
transmission link carrying the to-be-detected optical sig-
nal can be monitored according to the continuous full
power spectrum, which can prevent damage to a signal
caused when a filter is used, thereby monitoring an op-
tical performance parameter with high precision.

[0077] Inthis embodimentof the presentinvention, op-
tionally, the performing coherent synthesis on a received
to-be-detected optical signal and a multi-wavelength lo-
cal oscillation laser beam includes:

performing coherent synthesis on a first to-be-de-
tected optical signal that has a first polarization state
and that is in the to-be-detected optical signal and a
first local oscillation laser beam that has the first po-
larization state and that is in the multi-wavelength
local oscillation laser beam.

[0078] Inthis embodiment of the presentinvention, op-
tionally, as shown in FIG. 8, before the performing co-
herent synthesis on areceived to-be-detected optical sig-
nal and a multi-wavelength local oscillation laser beam,
the method 300 further includes:

S360: Adjust a polarization state of the received to-
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be-detected optical signal.

S370: Divide, into the first to-be-detected optical sig-
nal and a second to-be-detected optical signal
whose polarization states are perpendicular to each
other, the to-be-detected optical signal whose polar-
ization state is adjusted.

S380: Divide the multi-wavelength local oscillation
laser beam into the first local oscillation laser beam
and a second local oscillation laser beam whose po-
larization states are perpendicular to each other.
The performing coherent synthesis on a received to-
be-detected optical signal and a multi-wavelength
local oscillation laser beam includes:

S311: Perform coherent synthesis on the first to-be-
detected optical signal and the first local oscillation
laser beam.

[0079] Inthis embodiment of the presentinvention, op-
tionally, the performing coherent synthesis on a received
to-be-detected optical signal and a multi-wavelength lo-
cal oscillation laser beam includes:

performing coherent synthesis on the first to-be-de-
tected optical signal and the first local oscillation la-
ser beam; and

performing coherent synthesis on the second to-be-
detected optical signal that has a second polarization
state and the second local oscillation laser beam that
has the second polarization state, where the second
polarization state is perpendicular to the first polari-
zation state.

[0080] Inthis embodiment of the presentinvention, op-
tionally, as shown in FIG. 9, the processing the digital
signal, to generate a continuous full power spectrum of
the to-be-detected optical signal includes:

S341: Perform Fourier transformation on the digital
signal, to generate continuous power spectra, in mul-
tiple different frequency bands corresponding to the
multi-wavelength local oscillation laser beam, of the
to-be-detected optical signal.

S342: Generate a discrete full power spectrum of
the to-be-detected optical signal according to the
continuous power spectra in the multiple different
frequency bands.

S343: Generate the continuous full power spectrum
of the to-be-detected optical signal according to the
discrete full power spectrum of the to-be-detected
optical signal by using an interpolation algorithm.

[0081] It should be understood that, in the embodi-
ments of the present invention, sequence numbers of the
foregoing processes do not mean execution sequences,
and should not be construed as any limitation to the im-
plementation processes of the embodiments of the
present invention. The execution sequences of the proc-
esses should be determined according to functions and
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internal logic of the processes.

[0082] Itshould be understood that, in thisembodiment
of the present invention, the multi-wavelength local os-
cillation laser that outputs the multi-wavelength local os-
cillation laser beam is a tunable laser, and a wavelength
ofalaserbeamthatis output by the tunable laserincludes
a wavelength of the to-be-detected optical signal.
[0083] Optionally, in this embodiment of the present
invention, the multi-wavelength local oscillation laser that
outputs the multi-wavelength local oscillation laser beam
is an optical frequency comb, where the multi-wavelength
local oscillation laser beam that is output by the optical
frequency comb may be filtered by a band-pass filter
BPF, where a frequency of the to-be-detected optical sig-
nal is within a range of cut-off frequencies of the band-
pass filter.

[0084] Optionally, in this embodiment of the present
invention, a first optical synthesizer or a second optical
synthesizer configured to perform coherent synthesis on
the received to-be-detected optical signal and the multi-
wavelength local oscillation laser beam is an optical hy-
brid, and a bandwidth of a first optoelectronic detector or
a second optoelectronic detector configured to convert
the coherent receiving signal formed by means of the
coherent synthesis into the analog electrical signal is
within a range of 500 MHz to 2 GHz.

[0085] Optionally, in this embodiment of the present
invention, the first optical synthesizer or the second op-
tical synthesizer is an optical coupler.

[0086] Optionally, in this embodiment of the present
invention, the monitored optical performance parameter
includes at least one parameter of the following param-
eters: an optical signal-to-noise ratio OSNR, optical pow-
er, amodulation format, a channel wavelength shift, am-
plified spontaneous emission ASE noise, an amplifier
gain, and a gain filt.

[0087] Therefore, according to the method for monitor-
ing an optical performance parameter in this embodiment
of the present invention, coherent synthesis is performed
on a received to-be-detected optical signal and a multi-
wavelength local oscillation laser beam, and correspond-
ing signal processing is performed to generate a contin-
uous full power spectrum of the to-be-detected optical
signal, so that an optical performance parameter of a
transmission link carrying the to-be-detected optical sig-
nal can be monitored according to the continuous full
power spectrum, which can prevent damage to a signal
caused when a filter is used, thereby monitoring an op-
tical performance parameter with high precision.

[0088] As shown in FIG. 10, an embodiment of the
present invention further provides an optical transmis-
sion system 500. The optical transmission system 500
includes:

a fiber link 510, configured to transmit an optical sig-
nal;

an optical splitter 520, disposed in the fiber link 510,
and configured to divide the optical signal into a first
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optical signal and a second optical signal, where a
strength of the first optical signal is greater than a
strength of the second optical signal; and

an apparatus 530 for monitoring an optical perform-
ance parameter according to an embodiment of the
present invention, configured to receive the second
optical signal output by the optical splitter 520, and
perform monitoring on an optical performance pa-
rameter of the second optical signal, where

the apparatus includes: a coherent receiving unit,
configured to perform coherent synthesis on a re-
ceived to-be-detected optical signal and a multi-
wavelength local oscillation laser beam, and convert
a coherent receiving signal formed by means of the
coherent synthesis into an analog electrical signal;
a data acquiring unit, configured to acquire the an-
alog electrical signal output by the coherent receiving
unit, and convert the analog electrical signal into a
digital signal; a power spectrum generation unit, con-
figured to process the digital signal output by the
data acquiring unit, to generate a continuous full
power spectrum of the to-be-detected optical signal;
and an optical performance parameter monitoring
unit, configured to monitor, according to the contin-
uous full power spectrum generated by the power
spectrum generation unit, an optical performance
parameter of a transmission link carrying the to-be-
detected optical signal.

[0089] Therefore, the optical transmission system in
this embodiment of the present invention performs co-
herent synthesis on a received to-be-detected optical sig-
nal and a multi-wavelength local oscillation laser beam,
and performs corresponding signal processing to gener-
ate a continuous full power spectrum of the to-be-detect-
ed optical signal, so that an optical performance param-
eter of a transmission link carrying the to-be-detected
optical signal can be monitored according to the contin-
uous full power spectrum, which can prevent damage to
a signal caused when a filter is used, thereby monitoring
an optical performance parameter with high precision.
[0090] Inthis embodiment of the presentinvention, the
optical splitter 520 has a split ratio of, for example, 90:10
or 80:20, so that most of the optical signal is still trans-
mitted in the fiber link, that is, the first optical signal ac-
cording to this embodiment of the present invention is
still transmitted in the fiber link 510.

[0091] Inthis embodiment of the presentinvention, op-
tionally, the coherent receiving unit includes: a multi-
wavelength local oscillation laser, configured to output
the multi-wavelength local oscillation laser beam; a first
optical synthesizer, configured to perform coherent syn-
thesis on a first to-be-detected optical signal that has a
first polarization state and that is in the to-be-detected
optical signal and a first local oscillation laser beam that
has the first polarization state and that is in the multi-
wavelength local oscillation laser beam; and a first opto-
electronic detector, configured to receive the coherent
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receiving signal generated after the first optical synthe-
sizer performs the coherent synthesis, and convert the
coherentreceiving signal into the analog electrical signal.
[0092] In this embodiment of the presentinvention, op-
tionally, the coherent receiving unit further includes: a
polarization controller, configured to adjust a polarization
state of the received to-be-detected optical signal; a first
polarization beam splitter, configured to divide, into the
first to-be-detected optical signal and a second to-be-
detected optical signal whose polarization states are per-
pendicular to each other, the to-be-detected optical sig-
nal output by the polarization controller, where the first
to-be-detected optical signal is input to the first optical
synthesizer; and a second polarization beam splitter,
configured to divide, into the first local oscillation laser
beam and a second local oscillation laser beam whose
polarization states are perpendicular to each other, the
multi-wavelength local oscillation laser beam that is out-
put by the multi-wavelength local oscillation laser, where
the first local oscillation laser beam is input to the first
optical synthesizer.

[0093] Inthis embodiment of the presentinvention, op-
tionally, the coherent receiving unit further includes: a
second optical synthesizer, configured toreceive the sec-
ond to-be-detected optical signal that has a second po-
larization state and the second local oscillation laser
beam that has the second polarization state, and perform
coherent synthesis on the second to-be-detected optical
signal and the second local oscillation laser beam, where
the second polarization state is perpendicular to the first
polarization state; and a second optoelectronic detector,
configured to receive the coherent receiving signal gen-
erated after the second optical synthesizer performs the
coherent synthesis, and convert the coherent receiving
signal into the analog electrical signal.

[0094] In this embodiment of the presentinvention, op-
tionally, the power spectrum generation unit includes: a
Fourier transform module, configured to perform Fourier
transformation on the digital signal output by the data
acquiring unit, to generate continuous power spectra, in
multiple different frequency bands corresponding to the
multi-wavelength local oscillation laser beam, of the to-
be-detected optical signal; a spectrum splicing module,
configured to generate a discrete full power spectrum of
the to-be-detected optical signal according to the contin-
uous power spectra in the multiple different frequency
bands; and a spectrum generation module, configured
to generate a continuous power spectrum of the to-be-
detected optical signal according to the discrete full pow-
er spectrum of the to-be-detected optical signal by using
an interpolation algorithm.

[0095] Inthis embodiment of the presentinvention, op-
tionally, the Fourier transform module is specifically con-
figured to: perform averaging processing on multiple dig-
ital signals that are output by the data acquiring unit and
that are in a same frequency band; and perform Fourier
transformation on the digital signals on which the aver-
aging processing has been performed, to generate a con-
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tinuous power spectrum, in the same frequency band
corresponding to the multi-wavelength local oscillation
laser beam, of the to-be-detected optical signal.

[0096] Inthis embodiment of the presentinvention, op-
tionally, the multi-wavelength local oscillation laser is a
tunable laser, and a wavelength of a laser beam that is
output by the tunable laser includes a wavelength of the
to-be-detected optical signal.

[0097] Inthis embodiment of the presentinvention, op-
tionally, the multi-wavelength local oscillation laser is an
optical frequency comb; and the coherent receiving unit
further includes: a band-pass filter BPF, configured to
perform filtering on the multi-wavelength local oscillation
laser beam that is output by the optical frequency comb,
where a frequency of the to-be-detected optical signal is
within a range of cut-off frequencies of the band-pass
filter.

[0098] Inthis embodiment of the presentinvention, op-
tionally, the first optical synthesizer or the second optical
synthesizer is an optical hybrid, and a bandwidth of the
first optoelectronic detector or the second optoelectronic
detector is within a range of 500 MHz to 2 GHz.

[0099] Inthis embodiment of the presentinvention, op-
tionally, the first optical synthesizer or the second optical
synthesizer is an optical coupler.

[0100] Inthis embodiment of the presentinvention, op-
tionally, the optical performance parameter monitored by
the optical performance parameter monitoring unit in-
cludes at least one parameter of the following parame-
ters: an optical signal-to-noise ratio OSNR, optical power,
a modulation format, a channel wavelength shift, ampli-
fied spontaneous emission ASE noise, an amplifier gain,
and a gain tilt.

[0101] It should be understood that, the apparatus 530
for monitoring an optical performance parameter that is
included in the optical transmission system 500 accord-
ing to this embodiment of the present invention may cor-
respond to an execution body of the method for monitor-
ing an optical performance parameter according to the
embodiments of the present invention, and may corre-
spond to the apparatus 300 for monitoring an optical per-
formance parameter according to the embodiments of
the present invention. Moreover, the foregoing and other
operations and/or functions of the modules in the appa-
ratus 530 are separately forimplementing corresponding
processes of the methods in FIG. 1 to FIG. 6, which are
not described herein again for brevity.

[0102] Therefore, the optical transmission system in
this embodiment of the present invention performs co-
herent synthesis on a received to-be-detected optical sig-
nal and a multi-wavelength local oscillation laser beam,
and performs corresponding signal processing to gener-
ate a continuous full power spectrum of the to-be-detect-
ed optical signal, so that an optical performance param-
eter of a transmission link carrying the to-be-detected
optical signal can be monitored according to the contin-
uous full power spectrum, which can prevent damage to
a signal caused when a filter is used, thereby monitoring
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an optical performance parameter with high precision.
[0103] In addition, the terms "system" and "network"
may be used interchangeably in this specification. The
term "and/or" in this specification describes only an as-
sociation relationship for describing associated objects
and indicates that three relationships may exist. For ex-
ample, A and/or B may represent the following three cas-
es: Only A exists, both A and B exist, and only B exists.
In addition, the character "/" in this specification generally
indicates an "or" relationship between the associated ob-
jects.

[0104] Itshould be understood thatinthe embodiments
of the present invention, "B corresponding to A" indicates
that B is associated with A, and B may be determined
according to A. However, it should further be understood
that determining A according to B does not mean that B
is determined according to A only; that is, B may also be
determined according to A and/or other information.
[0105] A personofordinary skillinthe art may be aware
that, in combination with the examples described in the
embodiments disclosed in this specification, units and
algorithm steps may be implemented by electronic hard-
ware, computer software, or a combination thereof. To
clearly describe the interchangeability between the hard-
ware and the software, the foregoing has generally de-
scribed compositions and steps of each example accord-
ing to functions. Whether the functions are performed by
hardware or software depends on particular applications
and design constraint conditions of the technical solu-
tions. A person skilled in the art may use different meth-
ods to implement the described functions for each par-
ticular application, but it should not be considered that
the implementation goes beyond the scope of the present
invention.

[0106] It may be clearly understood by a person skilled
in the art that, for the purpose of convenient and brief
description, for a detailed working process of the forego-
ing system, apparatus, and unit, reference may be made
to a corresponding process in the foregoing method em-
bodiments, and details are not described herein again.
[0107] Inthe several embodiments provided in this ap-
plication, it should be understood that the disclosed sys-
tem, apparatus, and method may be implemented in oth-
er manners. For example, the described apparatus em-
bodiment is merely exemplary. For example, the unit di-
vision is merely logical function division and may be other
divisionin actual implementation. For example, a plurality
of units or components may be combined or integrated
into another system, or some features may be ignored
or not performed. In addition, the displayed or discussed
mutual couplings or direct couplings or communication
connections may be implemented through some inter-
faces. The indirect couplings or communication connec-
tions between the apparatuses or units may be imple-
mented in electronic, mechanical, or other forms.
[0108] The units described as separate parts may or
may not be physically separate, and parts displayed as
units may or may not be physical units, may be located
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in one position, or may be distributed on a plurality of
network units. A part or all of the units may be selected
according to actual needs to achieve the objectives of
the solutions of the embodiments of the present inven-
tion.

[0109] In addition, functional units in the embodiments
of the present invention may be integrated into one
processing unit, or each of the units may exist alone phys-
ically, or two or more units are integrated into one unit.
Theintegrated unitmay be implementedin a form of hard-
ware, or may be implemented in a form of a software
functional unit.

[0110] When the integrated unit is implemented in the
form of a software functional unit and sold or used as an
independent product, the integrated unit may be stored
in a computer-readable storage medium. Based on such
an understanding, the technical solutions of the present
invention essentially, or the part contributing to the prior
art, or all or a part of the technical solutions may be im-
plemented in the form of a software product. The com-
puter software productis stored in a storage medium and
includes several instructions for instructing a computer
device (which may be a personal computer, a server, or
a network device) to perform all or a part of the steps of
the methods described in the embodiments of the present
invention. The foregoing storage medium includes: any
medium that can store program code, such as a USB
flash drive, a removable hard disk, a read-only memory
(ROM, Read-Only Memory), a random access memory
(RAM, Random Access Memory), a magnetic disk, or an
optical disc.

[0111] The foregoing descriptions are merely specific
embodiments of the presentinvention, but are notintend-
ed to limit the protection scope of the present invention.
Any modification or replacement readily figured out by a
person skilled in the art within the technical scope dis-
closed in the present invention shall fall within the pro-
tection scope of the presentinvention. Therefore, the pro-
tection scope of the present invention shall be subject to
the protection scope of the claims.

Claims

1. An apparatus for monitoring an optical performance
parameter, comprising:

a coherent receiving unit, configured to perform
coherentsynthesis on areceived to-be-detected
optical signal and a multi-wavelength local os-
cillation laser beam, and convert a coherent re-
ceiving signal formed by means of the coherent
synthesis into an analog electrical signal;

a data acquiring unit, configured to acquire the
analog electrical signal output by the coherent
receiving unit, and convert the analog electrical
signal into a digital signal;

a power spectrum generation unit, configured to
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process the digital signal output by the data ac-
quiring unit, to generate a continuous full power
spectrum of the to-be-detected optical signal;
and

an optical performance parameter monitoring
unit, configured to monitor, according to the con-
tinuous full power spectrum generated by the
power spectrum generation unit, an optical per-
formance parameter of a transmission link car-
rying the to-be-detected optical signal.

2. The apparatus according to claim 1, wherein the co-
herent receiving unit comprises:

a multi-wavelength local oscillation laser, con-
figured to output the multi-wavelength local os-
cillation laser beam;

a first optical synthesizer, configured to perform
coherent synthesis on a first to-be-detected op-
tical signal that has a first polarization state and
that is in the to-be-detected optical signal and a
first local oscillation laser beam that has the first
polarization state and that is in the multi-wave-
length local oscillation laser beam; and

a first optoelectronic detector, configured to re-
ceive the coherent receiving signal generated
after the first optical synthesizer performs the
coherentsynthesis, and convert the coherentre-
ceiving signal into the analog electrical signal.

3. The apparatus according to claim 2, wherein the co-
herent receiving unit further comprises:

a polarization controller, configured to adjust a
polarization state of the received to-be-detected
optical signal;

a first polarization beam splitter, configured to
divide, into the first to-be-detected optical signal
and a second to-be-detected optical signal
whose polarization states are perpendicular to
each other, the to-be-detected optical signal out-
put by the polarization controller, wherein the
first to-be-detected optical signal is input to the
first optical synthesizer; and

a second polarization beam splitter, configured
to divide, into the first local oscillation laser beam
and a second local oscillation laser beam whose
polarization states are perpendicular to each
other, the multi-wavelength local oscillation la-
ser beam that is output by the multi-wavelength
local oscillation laser, wherein the first local os-
cillation laser beam is input to the first optical
synthesizer.

4. The apparatus according to claim 3, wherein the co-
herent receiving unit further comprises:

a second optical synthesizer, configured to re-
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ceive the second to-be-detected optical signal
that has a second polarization state and the sec-
ond local oscillation laser beam that has the sec-
ond polarization state, and perform coherent
synthesis on the second to-be-detected optical
signal and the second local oscillation laser
beam, wherein the second polarization state is
perpendicular to the first polarization state; and
a second optoelectronic detector, configured to
receive the coherent receiving signal generated
after the second optical synthesizer performs
the coherent synthesis, and convert the coher-
entreceiving signal into the analog electrical sig-
nal.

5. The apparatus according to any one of claims 1 to
4, wherein the power spectrum generation unit com-
prises:

a Fourier transform module, configured to per-
form Fourier transformation on the digital signal
output by the data acquiring unit, to generate
continuous power spectra, in multiple different
frequency bands corresponding to the multi-
wavelength local oscillation laser beam, of the
to-be-detected optical signal;

a spectrum splicing module, configured to gen-
erate a discrete full power spectrum of the to-
be-detected optical signal according to the con-
tinuous power spectra in the multiple different
frequency bands; and

a spectrum generation module, configured to
generate the continuous full power spectrum of
the to-be-detected optical signal according to
the discrete full power spectrum of the to-be-
detected optical signal by using an interpolation
algorithm.

6. The apparatus according to claim 5, wherein the
Fourier transform module is specifically configured
to:

perform averaging processing on multiple digital
signals that are output by the data acquiring unit
and that are in a same frequency band; and
perform Fourier transformation on the digital sig-
nals on which the averaging processing has
been performed, to generate a continuous pow-
er spectrum, in the same frequency band corre-
sponding to the multi-wavelength local oscilla-
tion laser beam, of the to-be-detected optical
signal.

7. The apparatus according to any one of claims 2 to
6, wherein the multi-wavelength local oscillation la-
ser is a tunable laser, and a wavelength of a laser
beam that is output by the tunable laser comprises
a wavelength of the to-be-detected optical signal.
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The apparatus according to any one of claims 2 to
6, wherein the multi-wavelength local oscillation la-
ser is an optical frequency comb; and

the coherent receiving unit further comprises: a
band-pass filter BPF, configured to perform filtering
on the multi-wavelength local oscillation laser beam
that is output by the optical frequency comb, wherein
a frequency of the to-be-detected optical signal is
within a range of cut-off frequencies of the band-pass
filter.

The apparatus according to any one of claims 4 to
8, wherein the first optical synthesizer or the second
optical synthesizer is an optical hybrid, and a band-
width of the first optoelectronic detector or the sec-
ond optoelectronic detector is within a range of 500
MHz to 2 GHz.

The apparatus according to any one of claims 4 to
8, wherein the first optical synthesizer or the second
optical synthesizer is an optical coupler.

The apparatus according to any one of claims 1 to
10, wherein the optical performance parameter mon-
itored by the optical performance parameter moni-
toring unit comprises at least one parameter of the
following parameters: an optical signal-to-noise ratio
OSNR, optical power, a modulation format, a chan-
nel wavelength shift, amplified spontaneous emis-
sion ASE noise, an amplifier gain, and a gain tilt.

A method for monitoring an optical performance pa-
rameter, comprising:

performing coherent synthesis on a received to-
be-detected optical signal and a multi-wave-
length local oscillation laser beam;

converting a coherent receiving signal formed
by means of the coherent synthesis into an an-
alog electrical signal;

acquiring the analog electrical signal, and con-
verting the analog electrical signal into a digital
signal;

processing the digital signal, to generate a con-
tinuous full power spectrum of the to-be-detect-
ed optical signal; and

monitoring, according to the continuous full pow-
er spectrum, an optical performance parameter
of a transmission link carrying the to-be-detect-
ed optical signal.

The method according to claim 12, wherein the per-
forming coherent synthesis on a received to-be-de-
tected optical signal and a multi-wavelength local os-
cillation laser beam comprises:

performing coherent synthesis on a first to-be-
detected optical signal that has a first polariza-
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tion state and thatis in the to-be-detected optical
signal and afirst local oscillation laser beam that
has the first polarization state and that is in the
multi-wavelength local oscillation laser beam.

The method according to claim 13, wherein before
the performing coherent synthesis on a received to-
be-detected optical signal and a multi-wavelength
local oscillation laser beam, the method further com-
prises:

adjusting a polarization state of the received to-
be-detected optical signal;

dividing, into the first to-be-detected optical sig-
nal and a second to-be-detected optical signal
whose polarization states are perpendicular to
each other, the to-be-detected optical signal
whose polarization state is adjusted; and
dividing the multi-wavelength local oscillation la-
ser beam into the first local oscillation laser
beam and a second local oscillation laser beam
whose polarization states are perpendicular to
each other, wherein

the performing coherent synthesis on areceived
to-be-detected optical signal and a multi-wave-
length local oscillation laser beam comprises:

performing coherent synthesis on the first
to-be-detected optical signal and the first lo-
cal oscillation laser beam.

The method according to claim 14, wherein the per-
forming coherent synthesis on a received to-be-de-
tected optical signal and a multi-wavelength local os-
cillation laser beam comprises:

performing coherent synthesis on the first to-be-
detected optical signal and the first local oscil-
lation laser beam; and

performing coherent synthesis on the second to-
be-detected optical signal that has a second po-
larization state and the second local oscillation
laser beam that has the second polarization
state, wherein the second polarization state is
perpendicular to the first polarization state.

The method according to any one of claims 12to 15,
wherein the processing the digital signal, to generate
a continuous full power spectrum of the to-be-detect-
ed optical signal comprises:

performing Fourier transformation on the digital
signal, to generate continuous power spectra,
in multiple different frequency bands corre-
sponding to the multi-wavelength local oscilla-
tion laser beam, of the to-be-detected optical
signal;

generating a discrete full power spectrum of the
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to-be-detected optical signal according to the
continuous power spectra in the multiple differ-

ent frequency bands; and

generating the continuous full power spectrum

of the to-be-detected optical signal accordingto %
the discrete full power spectrum of the to-be-
detected optical signal by using an interpolation
algorithm.

17. An optical transmission system, comprising: 10

a fiber link, configured to transmit an optical sig-

nal;

an optical splitter, disposed in the fiber link, and
configured to divide the optical signal into a first 75
optical signal and a second optical signal,
wherein a strength of the first optical signal is
greater than a strength of the second optical sig-

nal; and

the apparatus for monitoring an optical perform- 20
ance parameter according to any one of claims

1to 11, configured to receive the second optical
signal output by the optical splitter, and monitor

an optical performance parameter of the second
optical signal. 25
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